Obesity and risk of job disability in male firefighters
Elpidoforos S. Soteriades 1 , Russ Hauser 1 , Ichiro Kawachi 2 , David C. Christiani 1, 3 and Stefanos N. Kales 1, 4 Background Obesity is a major public health problem and a workplace epidemic in Western societies. However, little is known about the association between obesity and job disability in specific occupational groups.
Aim
To examine the association between obesity and risk of job disability among firefighters.
Methods
A prospective cohort study design was employed in following 358 Massachusetts firefighters enrolled in a statewide medical surveillance program. We prospectively evaluated time to development of adverse employment outcomes .6 years of follow-up.
Results
In multivariable-adjusted Cox proportional hazard models, we found that every one-unit increase in body mass index (BMI) was associated with a 5% increased risk of job disability. Compared to firefighters in the lowest tertile of BMI (BMI , 27.2), those in the highest tertile (BMI $ 30.2) had a significantly increased risk of an adverse employment event with a multivariable-adjusted hazard ratio (HR) of 1.98 (95% CI 1.06-3.72). There was also a significant dose-response relationship of increasing risk across tertiles, as well as a significant trend: HR 1.39 (95% CI 1.04-1.86). The highest categories of BMI had a 60-90% increased risk of job disability compared to the lowest or normal-weight categories, respectively.
Introduction
Obesity has become a major public health problem, affecting men and women of all ages and racial/ethnic groups [1] . Numerous studies have shown strong and consistent positive associations between being overweight or obese with several adverse health outcomes including hypertension, dyslipidemia, diabetes, cardiovascular disease, cancer, and a number of other morbid conditions as well as mortality [2, 3] . Many previous studies have also estimated the health care costs associated with obesity [4] , the costs of increased body mass index (BMI) in the workplace [5] and the costs of obesity to the society as a whole [6] . Data, however, on the association between obesity and other occupational outcomes are limited. For example, a limited number of studies have looked at the association of obesity and work performance [7] , workers' compensation claims [8] , job absenteeism [9] , early retirement [10] , locomotive and other disability [11] , lost productive time (LPT) [12] and short-or long-term disability among employees in different occupational settings [13] [14] [15] . In particular, to our knowledge, there are no previous studies examining the association of obesity with the risk of job disability in firefighters. Firefighters are expected to perform difficult manual tasks with high-energy expenditure on short notice, in cases of emergency. Obesity may jeopardize firefighters' performance and have deleterious effects on their health and/or public safety [16] . The National Fire Protection Association (NFPA) publishes recommendations for baseline and periodic fitness for duty evaluations, in order to ensure adequate job performance for firefighters. However, current NFPA guidelines do not even consider extreme obesity (Class III) as a disqualifying condition with respect to fitness for duty [17] . In addition, the current NFPA Standard on Health-Related Fitness Programs for Firefighters does not provide specific BMI target levels [18] .
To evaluate the association between overweight and obesity and the risk of job disability, we prospectively examined a cohort of US male firefighters .6 years of follow-up.
Methods
The study was initiated in 1996 when an open cohort of 340 firefighters from six regional hazardous materials teams in the Commonwealth of Massachusetts underwent a baseline medical examination in the context of a statewide medical surveillance program. Twenty-five additional firefighters were enrolled during the followup period. Approximately, 75% of the cohort was comprised of hazardous materials technicians and the remaining were support members. The firefighters joined the hazardous materials teams on a contractual basis in addition to their primary occupational duties as municipal firefighters in local fire departments throughout the State of Massachusetts.
Only four female firefighters were enrolled and were excluded from further statistical analyses. Thirty-two male firefighters were also excluded because baseline BMI or other covariables used in the multivariableadjusted models were missing, if they had no follow-up or they were diagnosed with any of the outcomes of interest at baseline. Additional methodological information is described elsewhere [19] . The Institutional Review Boards of the Harvard School of Public Health, the Cambridge Health Alliance and the Northeast Specialty Hospital approved the study.
At baseline and each follow-up examination, firefighters underwent weight and height measurements. BMI was calculated using the formula: BMI 5 703.1 3 (weight in pounds)/(height in inches) 2 . The firefighters were assigned to different BMI categories based on the current guidelines of the National Heart Lung and Blood Institute (NHLBI) Obesity Education Initiative [20] . Classes I, II and III (extreme) obesity were defined as a BMI between 30 and 34.9 (30 # BMI , 34.9), 35 and 39.9 (35 # BMI , 39.9) and $40 (BMI $ 40), respectively. In addition, we used dichotomous measures of excess weight using different cutoff points of BMI such as the mean and the median. Categorical measures of obesity were based either on the current guidelines of the NHLBI Obesity Education Initiative (as defined above) or on the distribution of BMI in our study sample (cohort tertiles or quartiles).
Prospective information on several other factors was also routinely collected at every examination and entered into the computerized repository. Baseline and follow-up measurements included age, sex, job type (technician, support member), smoking history, blood pressure, blood glucose, total cholesterol and others.
The firefighters were followed for a maximum of 6 years until the end of follow-up (31 August 2002). All changes in the employment status of firefighters with respect to short-term or permanent job disability (placement on 'injured on-duty' status, termination of duty, resignation, premature retirement or death) were verified by the Massachusetts' Office of Hazardous Materials Response. In addition, information on incident cardiovascular disease events (new myocardial infarction, incident coronary heart disease or significant arrhythmia potentially interfering with duty) was collected by systematically reviewing the firefighters' medical examination summaries. Time to development of a job disability event was considered as our primary outcome of interest.
Statistical analyses were performed using SAS software (version 6.12). t-test, chi-square test and analysis of variance were used to compare differences in standard cardiovascular disease risk factors between different BMI categories. Person-years of follow-up were calculated from the baseline examination until the end of the study or a firefighter's follow-up period. Individual follow-up periods, for each firefighter, were calculated up until the end of the study or until a firefighter was found medically unfit for duty at the time of each annual index examination. Age-and multivariable-adjusted Cox proportional hazard regression models (adjusted for age, smoking status, hypertension, systolic and diastolic blood pressure, total cholesterol, diabetes and job type) were used to evaluate the association between different BMI categories and the development of job disability.
We used different threshold and trend models in order to examine dose-response relationships between the different levels of obesity and our outcome of interest. Different categorical measures of BMI were also used to determine the shape of a possible relationship between BMI and job disability. Finally, we evaluated potential reverse causation of the above association (i.e. predisposing factors or disease causing job disability leading to lower or higher BMI) with a time-lag model excluding those who developed any of the outcomes of interest in the first year of follow-up. The level of significance for all analyses was considered at 0.05 and was two sided for all tests.
Results
Of the 340 firefighters initially examined at baseline, 329 (97%) met all inclusion criteria. The cohort increased to 358 from additionally enrolled firefighters at follow-up. The firefighters were followed for an average of 5.3 years (range 0.3-6.5 years) with a total of 1813 person-years of follow-up. At baseline, the average age was 39.2 6 7 years (range 20-58 years), and the average BMI was 29.0 6 4 (range 19.3-44.7). Twenty seven percent of firefighters had Class I obesity, 7% had Class II obesity and 0.6% had Class III, extreme, obesity, respectively. Baseline characteristics of the cohort by BMI category are summarized in Table 1 . Obese firefighters were more likely to have hypertension compared to overweight or normal-weight firefighters.
During 6 years of follow-up, 76 firefighters (23%) experienced a job disability event resulting in lost time: 21 experienced an injury while on duty, 8 were terminated and 2 were removed from active duty, 38 resigned prematurely and 4 retired prematurely, 2 developed cardiovascular events and one died while on duty. In 16 of the above cases, the firefighter eventually received a permanent disability retirement pension. The incidence rate of job disability was 42.8, 35.1 and 53.5 per 1000 personyears, while the observed 6-year cumulative incidence of job disability was 26, 21 and 32% in normal weight, overweight and obese firefighters, respectively.
Several different dichotomous BMI measures showed that firefighters in the highest BMI category had a 50-70% increased risk of job disability (data not shown). In particular, firefighters above the median of the BMI distribution (28.5) in our sample had a 70% significantly increased risk of job disability compared to those below the median (hazard ratio [HR] 5 1.69, 95% CI 1.02-2.80).
In Table 2 , we present the results of several different age-and multivariable-adjusted Cox proportional hazard regression models. Examining continuous BMI, we found that for every one-unit increase, there was a suggestion (P , 0.10) of a 5% increased risk of job disability: HR 1.05 (95% CI 0.99-1.11). Using different categorical measures of BMI, significant associations were identified among both tertiles and quartiles of the BMI distribution. For example, compared to firefighters in the lowest tertile of BMI (BMI , 27.2), those in the highest tertile (BMI $ 30.2) had a significantly increased risk of an adverse employment event with a multivariable-adjusted HR of 1.98 (95% CI 1.06-3.72). There was also a significant dose-response relationship of increasing risk across tertiles, while the trend across tertiles was significantly increased: HR 1.39 (95% CI 1.04-1.86).
For all measures, we consistently observed increasing risk of adverse employment events with increasing BMI, especially in the obese range. Although mild overweight appeared slightly protective, the latter results were not statistically significant. However, this may suggest a J-shape relationship with the risk of job disability. Examination of reverse causation using a time-lag model (excluding firefighters who developed any job disability event in the first year of follow-up) showed similar increasing risks, although not significant, while the suggestion of a J-shape relationship persisted. For example, using the four-category BMI, we found that compared to normal-weight firefighters, overweight firefighters had a lower risk [HR (95% CI): 0.83 (0.31-2.25)], while there was no risk for Class I obesity [HR (95% CI): 1.03 (0.35-3.00)] and a suggestion of increased risk for 
Discussion
The results of our prospective cohort study show that male firefighters with obesity are more likely to develop job disability over time. In multivariable-adjusted Cox proportional hazard regression models, one-unit increase in BMI was associated with 5% increase in the risk of job disability, while obese firefighters in the highest tertile of BMI (BMI $ 30.2) were two times (98%) more likely to experience an adverse employment event than their colleagues in the lowest BMI tertile (BMI , 27.2) after adjustment for potential confounders. There was also a significant dose-response relationship of increasing risk of adverse event across tertiles. We also found suggestive evidence of the examined association having a J-shape relationship, with the lowest risk identified among mildly overweight firefighters (BMI 25-27.1).
Our results in US firefighters are in general agreement with previous studies demonstrating that obesity is associated with lower work performance [7] , higher work limitations, higher workers' compensation claims [8] , disability retirement and disability pension and mortality [3, 10, 11] . Furthermore, in a recent report on the shortterm disability in the workplace, Arena et al. [15] showed a positive association with obesity, while those being overweight, had the shortest mean duration of short-term disability. In addition, Ricci and Chee [12] reported that obese workers were significantly more likely to report LPT, while overweight workers had the lowest reported LPT in the study. Our results are similar to the latter studies providing suggestive evidence of a J-shape relationship between BMI and risk of job disability. Also, the range of BMI with the lowest risk in our study (25 and 28.5 ) is similar to that of Mansson et al. [14] . It is unclear whether our findings are affected by the limitations of BMI as a measure of adiposity, especially among firefighters with increased muscle mass. On the other hand, they may truly support a non-linear relationship representing a true underlying association.
Several additional lines of evidence also support our findings, including the clustering of major cardiovascular disease risk factors associated with obesity as indicated in a previous study using the same cohort [16, 19] : the lower cardiorespiratory fitness of obese individuals and its associated risks [21] , the risk of job disability associated with high blood pressure [22] and the risk of disability associated with heavy physical work [23] . Perhaps there exists a threshold balance between muscle mass and adiposity that is represented by a higher than normal BMI and fitness, as previously suggested for other male cohorts [24] . Our findings suggest that firefighters with BMI between 25 and 28.5 had the lowest risk of job disability. Above average muscle mass may provide an advantage to firefighters, taking into account the increased workload of their duties including rescue operations and fire suppression [25] .
Strengths of our study include the originality of examined associations in firefighters, the prospective follow-up, the external verification of outcomes by the Massachusetts' Public Employee Retirement Administration Commission and the use of several statistical techniques to evaluate the robustness of our results. We would like, however, to also acknowledge several limitations. First, there may have existed different practices in the measurement of height and weight since the annual examinations and data collection processes were conducted in three different hospitals. There was no evidence, however, of systematic bias in the estimation of BMI among the three examination centers. Even if there were significant differences between the hospitals in the measurement of BMI, the misclassification of our exposure, which is not expected to be associated with the outcome events, most likely should have diluted the observed associations between obesity and job disability. Second, BMI is based on the weight-to-height ratio and does not distinguish between lean and adipose body mass. Therefore, it may be argued that current BMI guidelines would not apply to firefighters, who may have excess muscle mass. However, the chances of categorizing lean, highly muscular firefighters among obese compared to overweight subjects, is rather unlikely. Moreover, BMI has been shown to highly correlate with body fat percentage and fat mass, especially with increasing age due to this latter variable's associated decreases in lean body mass [26] . Furthermore, our study sample was relatively small, requiring that we use a summary outcome measure of different adverse employment events. However, we believe that this outcome accurately reflects firefighters who fail to meet fitness for duty criteria, and thus, may be generalizable to other public safety occupational settings. First, we excluded firefighters who resigned due to promotion to higher rank and would be unlikely to have health problems. Second, current evidence suggests that firefighters, who retire or resign under the age of 60, most likely do so due to health reasons [27] . Likewise, termination of duty is likely to occur due to lack of compliance with the medical examination process, which again may be associated with health-related problems. Therefore, all outcome events included in our study would lead to periods of job disability that interrupt active firefighting duty and lead to increased workplace health care and other costs.
In summary, we believe that our results provide evidence associating obesity with job disability in firefighters. Should our study be replicated in other occupational settings, it may have significant economic and public health implications for occupational groups such as the military, emergency medical service personnel and law enforcement officers. We believe that our findings support the need to improve health promotion in the fire service [28] . For example, appropriate diet and exercise programmes aimed at firefighters in the worksite should be supported. Given that coronary heart disease accounts for 40% of on-duty deaths among firefighters, the underlying cardiovascular disease risk factors are clustered with and aggravated by obesity; and firefighters' highest period of risk is during strenuous duties, there are additional urgent reasons to vigorously address obesity in the fire service [29] . In addition, occupational and primary care physicians, who provide care to firefighters, should be more assertive regarding weight counseling [30] . Finally, we believe that policy makers and fire department administrators should seriously consider our study results with respect to fitness for duty criteria on obesity for firefighters.
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Key points
• Our study provides evidence of an association between obesity and the risk of job disability in firefighters, suggesting a J-shape relationship, with mildly overweight firefighters experiencing the lowest risk. Should our study be replicated in other occupational settings, it may have significant economic and public health implications for occupational groups such as the military, emergency medical service personnel, and law enforcement officers.
• The observed association supports the need to improve health promotion programmes in the fire service. In addition, occupational and primary care physicians, who provide care to firefighters, should be more assertive regarding weight counselling.
• Policy makers and fire chiefs should seriously consider our study results with respect to fitness for duty criteria on obesity for firefighters.
